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Abstract
We update our earlier results regarding detection of gg → bbh→ 4b (h = h0,H0, A0)
to incorporate the very high b-tagging efficiencies and purities that are now anticipated
at the LHC. New results for the Tev∗ are given, and indicate substantial potential for
these modes. The complementarity of theH0 → h0h0 → 4b final state mode is illustrated
for the LHC. The latest radiative corrections to the Higgs sector are incorporated.
In an earlier paper [1] we explored the possibility of finding one or more of the neutral Higgs
bosons of the minimal supersymmetric standard model (MSSM) in gg → bbh (h = h0, H0, A0)
production followed by h→ bb. Vastly superior b-tagging efficiency and purity is now deemed
feasible at the LHC, relative to the conservative assumptions of the earlier work. Canonical
values now employed by ATLAS and CMS [2] are: eb−tag ∼ 0.6 and emis−tag ∼ 0.01 for |η| ≤ 2.5
and pT ≥ 15 GeV at low luminosity (applicable for accumulated luminosity of L = 30 fb−1
per detector); and eb−tag ∼ 0.5 and emis−tag ∼ 0.02 for |η| ≤ 2.5 and pT ≥ 30 GeV at high
luminosity (L = 300 fb−1 per detector accumulated).∗ Further, excellent b-tagging capabilities
are now anticipated at the Tevatron upgrades, especially the Tev∗. At an upgraded Tevatron
with upgraded detectors, CDF and D0 now expect to achieve eb−tag ∼ 0.5 with emis−tag ∼ 0.005
for jets with pT >∼ 15 GeV and |η| ≤ 2, at instantaneous luminosities capable of yielding
L = 10− 30 fb−1 per year [3]. At both the LHC and Tevatron detectors, it is now estimated
that the probability for tagging a c-quark jet as a b-quark jet is ec−tag ∼ eb−tag/3. In this note,
we update our earlier LHC results to incorporate the improved b-tagging expectations, and
give, in addition, new results for these same modes at the Tev∗.
Our LHC computations for the gg → bbh→ 4b modes employ 3-b-tagging and incorporate
precisely the same cuts and procedures (with, in particular, approximate QCD K factors
included) as outlined in Ref. [1] with the following exceptions. i) We present results for low-
luminosity running (L = 30 fb−1 per detector) — the ATLAS+CMS signal significance is
computed by combining rates for the two detectors, i.e. we assume L = 60 fb−1 summed
luminosity. ii) Correspondingly, we employ the low-luminosity values of eb−tag = 0.6 and
emis−tag = 0.01, requiring that 3 jets with pT > 30 GeV and |η| ≤ 2.5 be tagged as b-quarks.
∗The quantities eb−tag and emis−tag are, respectively, the probabilities for tagging a real b-jet and of mis-
tagging a light-quark or gluon jet as a b-jet.
iii) The latest (‘two-loop’) radiative corrections to Higgs masses and mixing angles [4] are
incorporated. iv) We have corrected our previous failure to include identical particle effects
for the gg → bbbb background (effectively leading to a factor of ∼ 2 too large a rate). v) We
include the bbcc background using ec−tag = eb−tag/3; this results in the bbcc background being
about 60% of the irreducible bbbb background. Although b’s could be tagged at low luminosity
for pT ’s as low as 15 GeV, we have found that requiring pT ≥ 30 GeV for tagged b’s produces
a higher statistical significance for the signal, especially at higher masses. 4-b-tagging is not
advantageous for the bbh → 4b discovery modes, since one of the b’s produced in association
with the Higgs tends to be soft. Our results are presented in Fig. 1.
In comparison to our earlier results, the region of parameter space at large tan β for
which two of the MSSM Higgs bosons (either the h0 and A0, at low mA0 , or the H
0 and
A0, at high mA0) can be observed now extends to much lower tanβ values. In Fig. 1 we
also illustrate the complementarity of the gg → bbh → 4b modes to the recently explored
gg → H0 → h0h0, A0A0 → 4b discovery channel [5]. The plotted discovery regions for the
latter channel are obtained assuming low-luminosity running with L = 30 fb−1 for ATLAS
and CMS — statistical significance is computed for ATLAS+CMS by combining rates for the
two detectors. [For this channel, we require that four jets with pT ≥ 15 GeV and |η| ≤ 2.5
be tagged as b-quarks (using eb−tag = 0.6 and emis−tag = 0.01). For ec−tag ∼ eb−tag/3 and four
tags, the bbcc background is negligible.] Together, the bbh→ 4b and H0 → 4b final states allow
discovery of one or more of the neutral MSSM Higgs bosons over a remarkably large portion of
parameter space. Further improvements in b-tagging efficiency and, especially, purity would
result in a narrowing of the inaccessible wedge apparent in Fig. 1 at moderate tanβ which
develops and widens as mA0 increases.
High-luminosity LHC running might or might not be advantageous for the gg → bbh→ 4b
modes. At high luminosity, defined as L = 600 fb−1 for ATLAS+CMS, the nominal statistical
significance of the 4b signal increases by about 50%, despite the poorer emis−tag = 0.02 mis-
identification rate that enhances the dominant bbg background. However, as we discuss later,
triggering on the 4b final state becomes more problematical. A large reduction in the triggering
efficiency at high luminosity could result in little gain in statistical significance over low-
luminosity running.
We have also explored the parameter space regions for which the gg → bbh→ 4b channels
can be detected at the Tevatron assuming that the Tev∗ upgrade achieves an integrated
luminosity of L = 30 fb−1, and that 3 jets with pT ≥ 15 GeV and |η| ≤ 2 are tagged as
b-quarks, taking eb−tag = 0.5, ec−tag = eb−tag/3 and emis−tag = 0.005. The ability to achieve
a very small mis-tagging probability for light-quark and gluon jets is crucial at the Tevatron,
since the low event rates set a premium on eliminating the large bbg mis-tag background.
All other procedures and cuts employed in our analysis are the same as at the LHC, and
are given in Ref. [1]. Our results for center of mass energy
√
s = 1.8 TeV are displayed in
Fig. 2. (Note the change in tan β scale relative to Fig. 1.) Although MSSM Higgs discovery
at the Tev∗ in the gg → bbh → 4b channel is clearly limited to smaller mA0 and/or much
larger tanβ values than at the LHC, a significant window of opportunity is apparent. Models
with high tanβ ∼ 60 can be probed for mA0 values up to nearly 300 GeV. We note that
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gg → H0 → h0h0, A0A0 → 4b allows Higgs detection only in the mA0 <∼ 60 GeV region (but
for all tanβ >∼ 1.5− 2) at the Tev∗ [5].
Decays of the neutral Higgs bosons to SUSY pair states have been neglected in these
computations. Such decays would have small branching ratio at high tanβ, but, if present,
could reduce the extent of the discovery regions illustrated at low to moderate tanβ.
We caution that our analysis assumes that it will be possible to trigger on the 4b final states
of interest with high efficiency. Various strategies are currently being studied by the CDF, D0,
ATLAS and CMS collaborations. For the level-one trigger an acceptable data rate is achieved
(even for high-luminosity running at the LHC) by simply requiring 3 jets with pT > 30 GeV
or 4 jets with pT > 15 GeV [6], as needed in our bbh and h
0h0 analyses, respectively. The real
question is whether electronic information regarding the presence of a b-vertex can be fed into
level-two triggering decisions. (This will clearly be most problematical for high-luminosity
running at the LHC.) If not, a level-two ‘soft’-lepton b-tag of one or more of the 4 b’s in the
final state is certainly feasible; for an efficiency of ∼ 10% to ∼ 15% for tagging any one of the
4 b’s with pT > 15 GeV, the net tagging efficiency for the 4-b final state would be of order
35% to 48%. Full vertex information could then be recorded and incorporated much later in
the analysis. Thus, we believe that the triggering efficiency for the events of interest will be
no worse than ∼ 35%, and we are hopeful that for low-luminosity running at the LHC the
electronic vertex information could be fed in at level-two, in which case triggering efficiency
could be near 100%. Thus, the 4b final states should prove to be a very powerful tool for
Higgs detection at both the Tev∗ and the LHC.
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Figure 1: We show the (mA0 , tan β) parameter space regions within which
detection of (a) gg → bbh → 4b (h = h0,H0, A0) and/or (b) gg → H0 →
h0h0, A0A0 → 4b will be possible at the 5σ level at the LHC. We assume L =
30 fb−1 for ATLAS and CMS individually (combining their statistics). For
(a) [(b)] we require 3 [4] tagged jets (taking eb−tag = 0.6, ec−tag = eb−tag/3
and emis−tag = 0.01) with pT ≥ 30 GeV [15 GeV] and |η| ≤ 2.5. Radiative
corrections to Higgs masses and mixing angles [4] are incorporated assuming
mt = 175 GeV, mt˜ = 1 TeV and no squark mixing. Event rate reduction
due to triggering inefficiencies is assumed to be negligible.
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Figure 2: We show the (mA0 , tan β) parameter space regions within which
gg → bbh → 4b (h = h0,H0, A0) can be observed at the 5σ level at the
Tevatron (operating at
√
s = 1.8 TeV) assuming an integrated luminosity
of L = 30 fb−1. We require 3 tagged jets (taking eb−tag = 0.5, ec−tag =
eb−tag/3 and emis−tag = 0.005) with pT ≥ 15 GeV and |η| ≤ 2. Radiative
corrections as in Fig. 1. Event rate reduction due to triggering inefficiencies
is assumed to be negligible.
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